Background Although increasing participation in physical activities has signifi cant health benefi ts, there are no guidelines to help professionals decide when it is safe to return to activity after injury. Objective To examine the specifi c criteria (eg, strength, pain) that expert sport medicine clinicians use for return to activity decisions in children with musculoskeletal injuries. Methods The authors conducted an online crosssectional survey of certifi ed Canadian sport medicine doctors (MDs) and sport rehabilitation specialists (physiotherapists (PTs) or athletic therapists (ATs)). The authors asked how they would measure each of the following signs in the context of a knee injury: sport-specifi c skills, pain, swelling, strength, range of motion (ROM) and balance. Clinicians also ranked the importance of each sign with respect to infl uencing their recommendations for each of fi ve clinical vignettes. Results The overall response rate was 33.6% (464/1380) with similar rates for each profession. For each clinical sign, all three professions preferred the same measure to determine readiness to return to play: standardised testing for sport-specifi c skills, impact on function for pain, palpation for swelling, manual muscle testing for strength, visual inspection for ROM and standing on one leg with eyes closed for balance. Regarding importance of specifi c signs for return to activity, all professions had similar responses for one vignette, but MDs differed from PTs and ATs for the remaining four. Finally, pain was ranked as the no 1 or 2 most important sign in all fi ve vignettes by 41.0% of MDs, 18.1% of ATs and 11.3% of PTs, whereas sportspecifi c skills was chosen by 9.6% MDs, 12.0% ATs and 16.1% PTs. Conclusion Our results provide the foundation for future work leading towards the development of interdisciplinary consensus guidelines.
▶ Appendix 1 and 2 are published online only. To view these fi les please visit the journal online (http://bjsm.bmj.com/ content/45/11.toc)
INTRODUCTION
Increasing participation in physical activities is associated with an increase in quality of life, 1 enhanced academic performance, 2-4 a positive impact on behaviour, [5] [6] [7] better mental 8 and physical health, 9 10 and decreased obesity. 11 In addition, children who are physically active are more likely to remain active in adulthood. 12 13 Despite its benefi ts, an increase in physical activity is also associated with an increase in the risk of injury. An estimated 20.6 million children are injured each year in the USA, 14 and 559 000 in Canada. 15 According to national emergency department data, reinjury rates in children vary between 15% 16 and 32%, 17 and reinjury rates increase with age. 15 When a child is injured, clinicians are often asked when it would be safe to return to activity, but research is limited, and no guidelines currently exist. The fi rst step towards prioritising areas for research and developing guidelines is to understand current practice. As part of a larger study examining the current practice of healthcare professionals with expertise in sports injuries, our objective was to examine the specifi c types of criteria (eg, strength, pain) that sport medicine practitioners use for return to activity decisions.
MATERIALS AND METHODS
The current study is part of a larger programme and reports only the data relevant to our specifi c objective. Ethical approval was obtained from the Centre for Interdisciplinary Research in Rehabilitation of Greater Montreal (CRIR) Ethics Committee. In brief, we conducted a crosssectional survey of Canadian sport medicine (medical doctors (MDs) certifi ed by the Canadian Academy of Sport Medicine) and sport rehabilitation specialists (physiotherapists (PTs) certifi ed by the Canadian Physiotherapy Association and athletic therapists (ATs) certifi ed by the Canadian Athletic Therapists Association). The survey was developed after focus-group discussions with members of each profession and pilot-tested on a separate group of members.
The current manuscript focuses on the choice of measure for each of the following signs in general (see online appendix 1): sport-specifi c skills, pain, swelling, strength, range of motion (ROM) and proprioception/balance (for brevity, 'balance'). For each clinical sign, respondents had to give a return to activity cut-off value. To determine if context is important, clinicians read a brief clinical vignette (see online appendix 2) and ranked the importance of each sign within that context. Clinical vignettes are used to isolate clinician decision-making from other factors affecting management, 18 19 and are a valid method of measurement of the quality of physician practice. 20 
Analysis
We classifi ed respondents according to their preference when they were certifi ed by more than one organisation (n=15). When clinicians chose 'other' to indicate the type of preferred test and then simply indicated a combination of factors, we recategorised them using the measure with the highest level of objectivity and reliability (ordering provided in 21 22 In cases where the scale was reversed (eg, 100% meant no pain), we used 60% as the cut-off between mild and moderate-severe. As sensitivity analyses, we also used 80% as the cut-off between mild and moderate-severe, and recategorised pain as minimal for scores 1-2 and mild for scores 3-4. Swelling: when expressed as differences in centimetres, To compare the ranking of the different signs for a particular vignette across professions, we report the percentage of subjects within each profession who ranked the sign as number 1 or 2 for that vignette. To determine which signs were considered important regardless of the clinical context, we calculated the percent of clinicians within each profession who considered the sign important (ranked 1 or 2) across all vignettes. For these analyses, we only included clinicians who answered all fi ve vignettes (n=311). When clinicians (n=26) had two consistent clinical signs (always ranked either 1 or 2) across all fi ve vignettes, both were included in the results.
We present categorical variables as percentages. We used the χ 2 test (or Fisher exact test where appropriate) for comparisons with categorical exposures and outcomes. We considered Methods of measure are listed in order of objectivity/reliability (highest objectivity fi rst). AT, athletic therapist; MD, medicine doctor; PT, physiotherapist; ROM, range of motion.
group.bmj.com on February 9, 2012 -Published by bjsm.bmj.com Downloaded from p<0.05 as statistically signifi cant for overall comparisons of the three professions. To determine which professional group was different from the others (ie, AT, PT or MD), we conducted post hoc testing of each pairwise comparison using Fisher exact test and considered p<0.1 as suggesting a difference between groups that should be explored in future studies because of the smaller sample sizes.
RESULTS
Of the 1439 email invitations sent, 49 were returned as undeliverable, and 10 people replied that they were not currently working in the fi eld. Of the remaining 1380 potential subjects, 464 (33.6%) responded to the survey (430 English, 34 French), including 265 ATs (33.2% of eligible ATs), 123 MDs (31.5% of eligible MDs) and 76 PTs (39.8% of eligible PTs). A summary of their demographic and clinical practice information is presented in table 2. Overall, compared with MDs and PTs, ATs were younger (75.6% in the 25-35 category vs 8.3% and 35.5% respectively) and had fewer years in practice (52.3% in the ≤5 years category vs 9.0% and 15.8% respectively). However, ATs worked at more events per year. As anticipated, children represented a small percentage of the clientele for all three professions (<30% of client-visits). Table 1 shows that the most common method used for each clinical sign was the same across professions. For example, standardised testing is the most frequently used method for sport-specifi c skills across all professions, as is impact on function for pain, palpation for swelling, manual muscle testing (MMT) for strength, visual inspection for ROM and standing on one-leg with eyes closed for balance. Despite these similarities, the overall pattern of responses is signifi cantly different between the three professions for each of the six clinical signs (p ranges from <0.001 to 0.027). More specifi cally, post hoc comparisons suggested that MDs' preferences were most different for sport-specifi c skills (eg, subjective report), pain (eg, visual/verbal analogue scale) and swelling (eg, visual inspection) (p ranged from 0.0001 to 0.06 for MD vs AT or MD vs PT, p ranged from 0.085 to 0.82 for AT vs PT). PTs were different (p<0.01) from MDs and ATs for strength (p=0.17 for MD vs AT) and ROM (p=0.99 for MD vs AT), and all three groups differed from each other for balance (p<0.001 for each pairwise comparison).
For each clinical sign, respondents indicated the cut-off value (either normal, mild restriction or moderate-severe restriction) they would employ to determine a return to activity without restriction for the measure they most frequently used. Subjects who answered 'do not use' for that clinical sign were excluded (table 3) . Again, the most frequent responses were similar across professions, and the moderate-severe category was rarely chosen (max 14.3%). In addition, the pattern of responses across professions was similar for pain, strength, ROM or balance (p ranges from 0.35 to 0.94). For sport-specifi c skills (overall p=0.016), MDs appeared to require higher function compared with ATs and PTs (p≤0.02 for both comparisons), whereas all three groups were likely different from each other for swelling (overall p=0.0046, individual comparison p ranged from <0.001 to 0.069).
For pain, we considered mild as 1-4 on a 0-10 visual analogue scale. 22 Others have suggested minimal is 1-2 and mild 3-4. 24 To explore the effect, we recategorised those who used a continuous scale (n=82); 54.9% chose none/minimal, 29.3% chose mild, and 15.9% chose moderate-severe. However, 17% of those using the continuous measures chose none compared with approximately 6% of the entire group, suggesting this subgroup of respondents was more conservative (would be less likely to recommend return to activity) than the respondents as a whole.
When a continuous measure was the preferred method (handheld dynamometer and dynamometer for strength, visual inspection/approximation, goniometer and inclinometer for ROM, and one-leg eyes closed, one-leg eyes open and balance device for balance), respondents generally used the contralateral side for comparison (80.0% for strength (n=20), 72.9% for ROM (n=369), 82.9% for balance (n=199)), and normative standards or ipsilateral antagonist muscle were mentioned less frequently.
For our analysis examining the importance of context (clinical vignettes), we included only the 311/464 (166 for ATs, 83 for MDs and 62 for PTs) subjects who answered all fi ve vignettes. Table 4 shows the frequency of respondents who Raw data are recategorised as normal, mild restriction and moderate-severe restriction (see text for details). *Clinicians who answered 'do not use' for a method are excluded from this analysis. Therefore, the total n for each sign is different. AT, athletic therapist; MD, medicine doctor; PT, physiotherapist. Figure 1 presents the percentage of respondents in each category that ranked a particular sign on the x-axis as 1 or 2 in each of the fi ve vignettes. Pain appeared to be the most consistently important sign for MDs (41.0%) and ATs (18.1%). PTs most consistently used sport-specifi c skills (16.1%). The overall pattern of responses was signifi cantly different between the three professions (overall p=0.007). For individual comparisons, ATs and PTs were similar (p=0.32), but MDs were different from the two other groups (p<0.01 for both comparisons).
DISCUSSION
Overall, MDs, PTs and ATs preferred a measure for each clinical sign that does not require specialised devices: standardised testing for sport-specifi c skills, impact on function for pain, palpation for swelling, MMT for strength, visual inspection for ROM and standing on one leg with eyes closed for balance. Similarly, the patterns of responses for cut-off values for the tests were qualitatively similar; the 'normal' category was the majority's choice for every clinical sign except pain and swelling (both mild restriction).
Pain was considered the most important clinical sign to determine return to activity across all vignettes, and 'impact on function' was the most frequently chosen measure of pain. Although we do not know the psychometric properties of 'impact on function' by itself, it is included as part of standardised pain questionnaires such as the Brief Pain Inventory 25 and the Glasgow Pain Questionnaire 26 (eg, how pain interferes with walking or housework). By comparison, categorical and visual/verbal analogue scales are both considered appropriate for osteoarthritis pain 27 but were less frequently chosen in our study. Paediatric and non-paediatric sport medicine guidelines recommend a 'minimal' level of pain in order to return to activity, [28] [29] [30] but 'minimal' is not defi ned. In our exploratory analysis categorising pain as minimal, we still found 45% of respondents willing to return a child to activity if there was more than minimal pain. Older athletes in elite sports often return to activity if in pain, 31 and more research is required to determine appropriate levels for children.
The preferred measure for sport-specifi c skills (second most common choice) across all professions was standardised testing (eg, sport-specifi c drills, shuttle run), which is the most objective measure for this sign. Although standardised tests usually require considerable time to administer, they are often used in preseason evaluations, and this familiarity may be why they were ranked high. Most respondents required the child to have no restrictions before returning to activity, but a significant proportion chose mild restriction. Published guidelines appear vague, and the only references we could fi nd suggested a level of 'skills regained' 29 or 'ability to perform the specifi c motions and actions required for your sport effectively' before returning to activity. 30 For ROM, most of our respondents chose visual inspection, which is consistent with preferences already in the published literature. 32 Although more objective measures may be more accurate, clinicians may not consider the smaller differences clinically relevant. The majority of our respondents required full ROM to return to activity, which corresponds to the literature. [28] [29] [30] However, ROM was generally chosen as the fi rst or second important sign by less than 50% of respondents in each clinical vignette, and therefore many clinicians would likely allow a return to activity, even if there were some restrictions.
For strength, all three professions preferred MMT. Although MMT requires training to reach an acceptable level group.bmj.com on February 9, 2012 -Published by bjsm.bmj.com Downloaded from of reliability, 33 it can have diagnostic potential and acceptable inter-rater reliability when assessing symptomatic or asymptomatic upper limb muscles. 34 With respect to return to play, most sources recommend a minimum strength of 90% compared with the uninjured side. [28] [29] [30] In our sample, 53.2-57.4% of respondents believed that 90% was not enough and favoured a completely normal strength before returning a child to activity.
We could not fi nd any literature comparing the reliability or preference for different measures of swelling in a clinical situation. The preferred method of measure for the knee (the joint used in our survey) was palpation, which is simple and can differentiate effusion from oedema. Whether palpation would be the preferred measure for other joints (eg, ankle) or for other areas (eg, calf) needs to be further explored. For return to activity, the majority of ATs and PTs answered 'mild restriction,' which is the level generally accepted. 29 30 However, most MDs were more cautious and suggested returning a child to activity only when swelling was absent. An aspect of swelling that was not assessed in the survey is its duration. Some guidelines specify that if swelling is persistent and recurrent, the acceptable level for return to play should be even closer to normal. 29 For balance, our respondents preferred a simple one-leg stand eyes-closed test. 35 Although a timed dynamic one-leg eyesclosed test is more reliable in adolescents, 36 it requires that a special foam pad be available in all examining rooms. The only published guideline with respect to return to play was 'good' balance and proprioception, and this was not child-specifi c. 29 Although approximately half of each profession who consider balance important required normal balance before returning the child to activity, it was ranked with the lowest priority of all signs, and most children are likely allowed to return despite defi cits in this area.
Determining what is 'normal' is diffi cult, especially in the absence of preseason testing and in growing adolescents: children mature at different speeds for their physical, visual, physiological and psychological developments. 37 Our respondents overwhelmingly considered the opposite limb as the standard for normal (range 72.9-82.9%), followed by norms (range 10-27%), which is consistent with the literature in cases of single-limb injury. 28 However, clinicians should be aware that injury may decrease the ability to recruit or fully activate the contralateral muscle, 38 and so 'normal' may not be identical to 'preinjury' status.
The pattern of responses for the most important clinical signs in the vignettes (table 4) suggested that MDs were generally different from PTs and ATs (four out of fi ve vignettes) and that ATs and PTs were always similar. The similarity between PTs and ATs is not surprising given their comparable training for musculoskeletal injuries. The marked difference for MDs may refl ect a different philosophy, training or focus on health issues and needs to be explored in future studies if interdisciplinary recommendations/guidelines are ever to be developed.
Limitations of study
We surveyed all certifi ed Canadian sport medicine professionals and obtained a response rate of 33.6%; recent surveys into current practice have had response rates ranging from 25% to 40% for several conditions (transfusion, pain management, health practice) to 50-75% for more life-threatening outcomes or those conducted by the Food and Drug Administration. [39] [40] [41] [42] Some of our respondents had children representing less than 10% of their client-visits, and it is possible that perceptions of individuals who mostly treat children are different from those that treat children less frequently. Therefore, our results should be interpreted as a general overview of current practice management among all types of sport medicine health professionals.
To minimise respondents' time and maximise participation, we asked respondents to consider a knee injury when describing which tests they would generally use to assess return to activity. We recognise that other tests may be used for other anatomical locations, as suggested by the variability in our results for the ranking of specifi c tests across the fi ve different clinical vignettes. Future research should explore whether answers do indeed differ by anatomical location and injury type.
Although we provided several choices for each clinical sign, some respondents routinely chose 'other' and listed a combination of signs. These were recategorised based on our assessment of objectivity and reliability, and others may have recategorised them differently. Similarly, we recategorised cut-off values to normal, mild restriction and moderate-severe restriction for each test so that we could compare across tests with different units; others may have used different categorisations. We also believe a patient's age and physical maturity may infl uence the cut-off value, and this should be explored in future studies. Finally, as in most studies, all respondents received the same version of the survey. It is possible that some individuals refl exively chose the fi rst option for each question because of the order in which they were presented (occurred for 4/6 questions).
CONCLUSION
The results of this study suggest areas of consensus and disagreement among different sport medicine specialists (MDs, PTs and ATs) with respect to criteria used to decide on return to sport following musculoskeletal injuries in children. For
What this study adds
▶ The results of this study describe areas of consensus and disagreement among different sport medicine specialists (medicine doctors, physiotherapists (PTs) and athletic therapists (ATs)) with respect to return to play criteria in children. ▶ There was consensus across professions for the preferred measure of each of the following clinical signs: sport-specifi c skills, pain, swelling, strength, range of motion, balance. ▶ Although the importance of each clinical sign was dependent on the clinical context, more physicians (compared with ATs and PTs) considered pain as one of the two most important signs, and balance was infrequently mentioned by any profession.
What is known on this topic
▶ Although there are limited guidelines on return to play criteria in adults, there are no guidelines for return to play in children. ▶ In addition, there are no studies describing current practice management of child musculoskeletal injuries, which is a necessary fi rst step towards developing consensus and furthering research in this area.
group.bmj.com on February 9, 2012 -Published by bjsm.bmj.com Downloaded from example, it appears that the best test has to be feasible within the confi nes of a clinical practice and adapted to children. Lastly, these results, which should not be interpreted as the current standard of care, provide the foundation for future work leading towards the development of interdisciplinary consensus guidelines.
